INTRODUCTION
Solitons in nonneutral plasmas have been studied using simulations by Neu and Morales [1] in slab geometry and by Hansen [2] in cylindrical geometry. Solitons have also been observed experimentally by Moody and Driscoll [3] and by Hart [4] . Solitons in nonneutral plasmas offer the potential for careful study of nonlinear waves and two-dimensional soliton type structures in a system where they live and interact for a substantial duration of time.
SOLITONS IN THE COLD-FLUID MODEL
The familiar equations for the fluid density n(x, t), velocity v(x, t), and electrostatic potential ¢(x, t) are:
We make the following assumptions: where Bo denotes a constant magnetic field. We then simplify to find 57 + (n~) = 0,
0~(~N ) + 0~ =
We now transfer focus to the moving frame of the soliton. Assume the soliton is moving to the right with a velocity u and let ~ denote the coordinate in the moving frame along the direction of the magnetic field. Then 
where ~(~, ¢) = q(¢(,-, 4) -¢o(~))/'~u 2. From Poisson's Equ,tion (3) we then and
It 2 Approximate analytic solution to Eq. (8) Following Hansen [2] , assume 121 << 1 so that 1/ -2~ _~ 1 + 2 + 7~. Substituting in Equation (8) 
Let 2(r, if) = R(r)f((), where we assume a knowledge of R(r); with boundary conditions R(0) = 1 and R(r,~u) = 0. Substitute into Equation (9), multiply through by rR(r) and then integrate from 0 to twin. We obtain the following equation:
where cz, 32, and 7/2 are defined below. Let Ilgll ~ -f0 rwal' rg 2 dr. Then 
u(n+l) = u('~)If ~('@(n+l) da/ f (~('~))2 da ,
The amplitude z}(0, 0) is fixed, 0 < ~(0, 0) < 0.5, and thus after finding u ("+1) the coefficients are adjusted to satisfy this constraint which then give us a new ~(n). Then cycle again until convergence is achieved.
As an example we choose rw~ll = 4.0cm and ~w~n = 30.0cm. For the density profile we choose rp = 2.0cm, # = 4.5, and no0 = 4.0 x 10%m -a. We choose 2(0, 0) = 0.4 and then find the numerical solution to Eq. (8). Figure 1 
BGK WAVE SOLITON
To find the appropriate nonlinear BGK wave we need the distribution function f(r, ~, v) where
We obtain this distribution function by assuming that far away from the soliton, --~ oe, the distribution function should be a Boltzmann distribution centered
where v:r is the thermal velocity given by k~/m and v~o(v, ~) is defined below. In other words, we inject a Boltzmann distribution toward the soliton from the right. This distribution function we get everywhere by noting that the distribution function is preserved along particle orbits and using conservation of energy, 1 2 1 2
~mv + q¢(r, ~) = 7mv~ + q¢o(r).
Thus we find
-2] f(r,~,v) o¢ exp -~@ (u 4-[v 2 + 2u2~(r,~)]~) ,
where the + must be decided according to whether the particle at o¢ has positive or negative velocity. This distribution function is normalized by demanding the 
%~°(r)u-E (i-n(r, ~)/no(r))
With the above right-hand side we solve Eq. (8) for the BGK solution. Underrelaxation is now required for convergence. As an example we choose ¢(0, 0) = 0.1 and T = 1.0eV. 
